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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent overshoot of 
engine rotation by calculating production of electricity for 

generating power to a motor generator on the basis of a \ * £ 

time from engine start, and controlling power generation 
on the basis of the production of electricity, after start 
complete explosion of an engine is detected. 
SOLUTION: When a brake switch 11 is turned on by 
stepping down a bake pedal after a vehicle is operated, 
car speed is nearly 0 km/h, and engine rotational speed 
detected by a rotational speed sensor 9 is within idling 
rotational speed, fuel injection of an engine is stopped 
under control by a start control unit 10, and thereby, the 
engine is temporarily stopped. When the engine is 
restarted when the brake pedal is released, a motor 
generator(MG) 2 is driven, and a count operation of a timer is started. When fuel injection is 
started, cranking is carried out, and engine rotational speed attains target rotational speed Ni, 
production of electricity of the MG 2 is set on the basis of a count time, and control is switched 
to control for generating power of the MG 2. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the starting control unit of an engine equipped with the motor generator which generates 
electricity in response to engine rotation while starting the engine for cars, and the control means which 
controls the motor generator A starting command means to order it engine starting, and a rotational 
frequency detection means to detect the rotational frequency of an engine or a motor generator, A high- 
order detonation detection means to detect engine starting complete explosion, and an amount 
calculation means of generations of electrical energy to compute the amount of generations of electrical 
energy which a motor generator is made to generate based on the time amount from engine starting 
initiation, The starting control unit of the engine characterized by having an overshoot prevention means 
to prevent overshoot of engine rotation by making generation-of-electrical-energy control of a motor 
generator perform based on the amount of generations of electrical energy which the amount calculation 
means of generations of electrical energy computed after detection of engine starting complete 
explosion. 

[Claim 2] In the starting control unit of an engine equipped with the motor generator which generates 
electricity in response to engine rotation while starting the engine for cars, and the control means which 
controls the motor generator A starting command means to order it engine starting, and a rotational 
frequency detection means to detect the rotational frequency of an engine or a motor generator, A 
cranking rotational frequency detection means to detect that engine rotation reached the cranking target 
rotational frequency, An amount calculation means of generations of electrical energy to compute the 
amount of generations of electrical energy which a motor generator is made to generate based on the 
time amount from engine starting initiation, By making generation-of-electrical-energy control of a 
motor generator perform based on the amount of generations of electrical energy which the amount 
calculation means of generations of electrical energy computed after engine rotation reaching the 
number of cranking target rotations The starting control unit of the engine characterized by having an 
overshoot prevention means to prevent overshoot of engine rotation. 

[Claim 3] The starting control unit of an engine [ equipped with an engine failure judging means to 
detect whether it fell after shifting to said generation-of-electrical-energy control to the engine failure 
judging rotational frequency with engine rotation lower than a cranking target rotational frequency, and 
an engine failure prevention means to make a motor generator drive so that a cranking target rotational 
frequency may be reached again when engine rotation falls to an engine failure judging rotational 
frequency ] according to claim 2. 

[Claim 4] In the starting control unit of an engine equipped with the motor generator which generates 
electricity in response to engine rotation while starting the engine for cars, and the control means which 
controls the motor generator A starting command means to order it engine starting, and a rotational 
frequency detection means to detect the rotational frequency of an engine or a motor generator, A 
cranking rotational frequency detection means to detect that engine rotation reached the cranking target 
rotational frequency, The target rotational frequency gradual increase means which carries out a gradual 
increase setup of the target rotational frequency after engine rotation reaching a cranking target 
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rotational frequency at the target rotational frequency at the time of the completion of starting, The 
starting control unit of the engine characterized by having an overshoot prevention means to prevent 
overshoot of engine rotation by making a drive and generation-of-electrical-energy control of a motor 
generator perform so that engine rotation may become the number of target rotations which the number 
gradual increase means of target rotations set up. 

[Claim 5] Claims 1 and 2, the starting control unit of the engine [ four ] of any one publication equipped 
with a rotation difference detection means detect the difference of an engine or the real engine speed of a 
motor generator, and the target engine speed at the time of the completion of starting, a torque command 
value detection means detect the torque command value of a motor generator, and a generation-of- 
electrical-energy control termination means determine the timing which ends said generation-of- 
electrical-energy control, and shifts to the circumference of the companion of a motor generator based 
on these detection values. 

[Claim 6] In the starting control unit of an engine equipped with the motor generator which generates 
electricity in response to engine rotation while starting the engine for cars, and the control means which 
controls the motor generator A starting command means to order it engine starting, and a set torque 
means to set up torque beforehand at the time of the driving torque of the motor generator in engine 
starting, and a generation of electrical energy, While making a motor generator drive by the driving 
torque of a set torque means by engine starting initiation The starting control unit of the engine 
characterized by having the motor torque control means which a motor generator is made to generate 
with torque by progress of predetermined time from the starting initiation at the time of a generation of 
electrical energy of a set torque means. 

[Claim 7] In the starting control unit of an engine equipped with the motor generator which generates 
electricity in response to engine rotation while starting the engine for cars, and the control means which 
controls the motor generator A starting command means to order it engine starting, and a set torque 
means to set up torque beforehand at the time of the driving torque of the motor generator in engine 
starting, and a generation of electrical energy, A means to measure the number of engine cycles from 
engine starting initiation, The starting control unit of the engine characterized by having a motor torque 
control means to make a drive and generation of electrical energy of a motor generator perform based on 
torque at the time of the driving torque of this number of engine cycles, and a set torque means, and a 
generation of electrical energy. 

[Claim 8] Said motor torque control means is the starting control unit of the engine according to claim 7 
changed to a generation of electrical energy of a motor generator whenever [ fixed crank angle ] rather 
than ignition timing early synchronizing with engine ignition timing while making a motor generator 
drive until it measures the number of engine cycles of a predetermined number from engine starting 
initiation. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an engine starting control unit. 
[0002] 

[Description of the Prior Art] What there is an alternating current motor generator type which added the 
generation-of-electrical-energy function other than the DC-motor type currently generally used as 
engine starting system, for example, is indicated by JP,7-1 19594, A has the composition that a motor 
generator is directly linked with the crankshaft of the engine combined with the change gear. 
[0003] If engine rotation reaches predetermined rotation while starting an engine by the motor generator, 
this conventional thing reduces the supply voltages to a motor generator, controls the rapid increment in 
the engine torque by firing, and he is trying to suppress the rapid rise of engine rotation. Moreover, if 
overshoot (****) of engine rotation is detected, he is trying to control a part for the overshoot by making 
a motor generator generate. 

[0004] Thus, vibration at the time of engine starting, reduction of the noise, and reduction of the power 

consumption of a motor generator are aimed at. 

[0005] 

[Problem(s) to be Solved by the Invention] However, since it has shifted to generation-of-electrical- 
energy control of a motor generator after detecting overshoot to overshoot of engine rotation at the time 
of engine starting if it is in such a conventional technique, it is difficult to fully prevent overshoot. 
[0006] Therefore, while stopping the engine automatically on engine starting and the car which departs 
for coincidence mostly, for example, signal waiting etc., when departing and it applies to the car which 
has an engine automatic-stay restart system at the time of a car halt which restarts an engine, it comes to 
produce a shock. 

[0007] Moreover, the amount of generations of electrical energy of a motor generator cannot be too 
large, or even if too small, overshoot cannot be prevented appropriately. 
[0008] This invention aims at solving such a trouble. 
[0009] 

[Means for Solving the Problem] In the starting control unit of an engine equipped with the motor 
generator which generates electricity in response to engine rotation while the 1st invention starts the 
engine for cars, and the control means which controls the motor generator A starting command means to 
order it engine starting, and a rotational frequency detection means to detect the rotational frequency of 
an engine or a motor generator, A high-order detonation detection means to detect engine starting 
complete explosion, and an amount calculation means of generations of electrical energy to compute the 
amount of generations of electrical energy which a motor generator is made to generate based on the 
time amount from engine starting initiation, It has an overshoot prevention means to prevent overshoot 
of engine rotation, after detection of engine starting complete explosion by making generation-of- 
electrical-energy control of a motor generator perform based on the amount of generations of electrical 
energy which the amount calculation means of generations of electrical energy computed. 
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[0010] In the starting control unit of an engine equipped with the motor generator which generates 
electricity in response to engine rotation while the 2nd invention starts the engine for cars, and the 
control means which controls the motor generator A starting command means to order it engine starting, 
and a rotational frequency detection means to detect the rotational frequency of an engine or a motor 
generator, A cranking rotational frequency detection means to detect that engine rotation reached the 
cranking target rotational frequency, An amount calculation means of generations of electrical energy to 
compute the amount of generations of electrical energy which a motor generator is made to generate 
based on the time amount from engine starting initiation, It has an overshoot prevention means to 
prevent overshoot of engine rotation, after engine rotation reaching the number of cranking target 
rotations by making generation-of-electrical-energy control of a motor generator perform based on the 
amount of generations of electrical energy which the amount calculation means of generations of 
electrical energy computed. 

[001 1] The 3rd invention is equipped with an engine failure judging means to detect whether it fell to 
the engine failure judging rotational frequency with engine rotation lower than a cranking target 
rotational frequency, and an engine failure prevention means to make a motor generator drive so that a 
cranking target rotational frequency may be reached again when engine rotation falls to an engine failure 
judging rotational frequency, after shifting to said generation-of-electrical-energy control in the 2nd 
invention. 

[0012] In the starting control unit of an engine equipped with the motor generator which generates 
electricity in response to engine rotation while the 4th invention starts the engine for cars, and the 
control means which controls the motor generator A starting command means to order it engine starting, 
and a rotational frequency detection means to detect the rotational frequency of an engine or a motor 
generator, A cranking rotational frequency detection means to detect that engine rotation reached the 
cranking target rotational frequency, The target rotational frequency gradual increase means which 
carries out a gradual increase setup of the target rotational frequency after engine rotation reaching a 
cranking target rotational frequency at the target rotational frequency at the time of the completion of 
starting, By making a drive and generation-of-electrical-energy control of a motor generator perform so 
that engine rotation may become the number of target rotations which the number gradual increase 
means of target rotations set up, it has an overshoot prevention means to prevent overshoot of engine 
rotation. 

[0013] The 5th invention has a rotation difference detection means detect the difference of an engine or 
the real engine speed of a motor generator, and the target engine speed at the time of the completion of 
starting, a torque command value detection means detect the torque command value of a motor 
generator, and a generation-of-electrical-energy control termination means determine the timing which 
ends said generation-of-electrical-energy control, and shifts to the circumference of the companion of a 
motor generator based on these detection values, in the 1st, 2nd, and 4th invention. 
[0014] In the starting control unit of an engine equipped with the motor generator which generates 
electricity in response to engine rotation while the 6th invention starts the engine for cars, and the 
control means which controls the motor generator A starting command means to order it engine starting, 
and a set torque means to set up torque beforehand at the time of the driving torque of the motor 
generator in engine starting, and a generation of electrical energy, While making a motor generator drive 
by the driving torque of a set torque means by engine starting initiation, it has the motor torque control 
means which a motor generator is made to generate with torque by progress of predetermined time from 
the starting initiation at the time of a generation of electrical energy of a set torque means. 
[0015] In the starting control unit of an engine equipped with the motor generator which generates 
electricity in response to engine rotation while the 7th invention starts the engine for cars, and the 
control means which controls the motor generator A starting command means to order it engine starting, 
and a set torque means to set up torque beforehand at the time of the driving torque of the motor 
generator in engine starting, and a generation of electrical energy, It has a means to measure the number 
of engine cycles from engine starting initiation, and a motor torque control means to make a drive and 
generation of electrical energy of a motor generator perform based on torque at the time of the driving 
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torque of this number of engine cycles, and a set torque means, and a generation of electrical energy. 
[0016] In the 7th invention, the 8th invention changes said motor torque control means to a generation 
of electrical energy of a motor generator whenever [ fixed crank angle ] rather than ignition timing early 
synchronizing with engine ignition timing while it makes a motor generator drive until it measures the 
number of engine cycles of a predetermined number from engine starting initiation. 
[0017] 

[Effect of the Invention] Since generation-of-electrical-energy control of a motor generator is made to 
perform based on the time amount from engine starting initiation according to the engine torque to 
generate according to the 1st invention, overshoot of engine rotation is fully reduced. Therefore, the 
driving force at the time of car start can be made to start smoothly so that a shock cannot be produced at 
the time of starting. 

[0018] Since according to the 2nd invention it changes to a generation of electrical energy of a motor 
generator when engine rotation reaches the number of cranking target rotations, the rapid increment in 
torque by engine complete explosion is absorbed, and overshoot of engine rotation is fully prevented. 
[0019] According to the 3rd invention, the engine failure by the change to generation-of-electrical- 
energy control of a motor generator can be prevented at the time of poor high-order detonation. 
[0020] Since according to the 4th invention it goes up while engine rotation follows gradual increase of 
the number of target rotations, overshoot of engine rotation is fully prevented and can prevent the engine, 
failure at the time of poor high-order detonation. 

[0021] According to the 5th invention, a drive and generation-of-electrical-energy control of a motor 
generator are ended promptly exactly. 

[0022] According to ignition in the gas column which performs firing first, by changing a motor 
generator to a generation of electrical energy, torque is absorbed by engine complete explosion and 
coincidence and, according to the 6th and 7th invention, overshoot of engine rotation is fully controlled. 
[0023] According to the 8th invention, according to ignition in the gas column which performs firing 
first, torque is absorbed exactly and overshoot of engine rotation is fully controlled in a short generation- 
of-electrical-energy period. 
[0024] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained based on 
a drawing. 

[0025] As shown in drawing 1 , the motor generator 2 having both the functions of a generator and a 

motor is arranged between an engine 1 and the stepless automatic transmission 3. 

[0026] A motor generator 2 is directly linked with the crankshaft which an engine 1 does not illustrate, 

and carries out synchronous rotation with an engine 1 . The stepless automatic transmission 3 consists of 

a torque converter 4, a pre-go-astern change clutch 5, and a belt-type nonstep variable speed gear 6, and 

tells the driving torque of an engine 1 to a drive shaft 7 and a tire 8 through these. 

[0027] In addition, even if it connects a motor generator 2 with the crankshaft of an engine 1 through a 

belt or a chain, it is functionally equivalent. Moreover, an owner stage automatic transmission may be 

used instead of the stepless automatic transmission 3. 

[0028] The power control unit 12 controls a generation of electrical energy of a motor generator 2, and 
charge of a dc-battery 13 at a motor generator 2 at the time driven [ supply of the power from a dc- 
battery 13, and ] at the time of a drive while changing the drive (electric actuation) of a motor generator 
2, and driven (generation-of-electrical-energy actuation). 

[0029] It is the engine-speed sensor by which 9 detects the engine speed of an engine 1 and a motor 
generator 2, and the crank angle of an engine 1, and the brake sensor by which 1 1 detects the amount of 
treading in of the brake pedal (not shown) of a car, and these signals are inputted into the starting control 
control unit 10. 

[0030] Based on these sensor signals, the starting control control unit 10 outputs the target torque of a 
motor generator 2, and a target engine speed to the power control unit 12, and performs control of a 
motor generator 2, i.e., starting control of an engine, through the power control unit 12. 
[0031] In addition, although the starting control control unit 10 is formed in an engine control unit (not . 
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shown), it may be prepared in the integral controller which generalizes control of the whole power train 
of a car. 

[0032] If it will be in the condition that the operator broke in the brake pedal when this system 
suspended a car after termination of a warm-up, and the vehicle speed will become about 0 km/h, if the 
case where this starting control device is applied to the engine automatic-stay restart system at the time 
of a car halt is described, and an engine rotational speed is in idle rotational speed, after predetermined 
time, an engine control unit will suspend engine fuel injection, and will suspend an engine temporarily. 
Then, although an engine will be restarted if an operator releases a brake pedal (a select lever is a drive 
range etc.) in case it departs from a car, this starting control unit performs this restart. 
[0033] Next, the contents of control of this starting control device are explained based on the flow chart 
of drawing 2 . In addition, an engine control unit performs engine fuel injection and control of ignition. 
[0034] First, at steps 1 and 2, it finds whether there is any starting command of an engine 1. In this case, 
when the brake sensor 1 1 is turned off (a brake pedal opens), it judges with those with a starting 
command. 

[0035] If there is a starting command of an engine 1, at steps 3-5, the target engine speed nickel of an 
engine 1 is set up, and while driving a motor generator 2 so that it may become the target engine speed 
nickel, the count of a timer will be started. This target engine speed nickel is set as the idle rpm (for 
example, 700rpm) of an engine 1 . 

[0036] Under the present circumstances, the driving torque of a motor generator 2 is controlled so that 
the input torque of the torque converter 4 of the stepless automatic transmission 3 becomes an 
equivalent for the creep force. When an engine speed Ne goes up to a predetermined engine speed, 
injection of a fuel is started, firing of the engine 1 is carried out, and the driving torque of a motor 
generator 2 is decreased. 

[0037] At steps 6 and 7, it finds whether the engine 1 detonated completely, i.e., did the engine speed Ne 
reach the target engine speed nickel based on the detection value of the engine-speed sensor 9?. 
[0038] At steps 8-10, the amount Tg of generations of electrical energy of a motor generator 2 
(generation-of-electrical-energy torque) will be set up based on the count time amount tl, and if an 
engine speed Ne reaches the target rotational frequency nickel, while ending the count of a timer, it will 
change to generation-of-electrical-energy control of a motor generator 2 so that the set-up generation-of- 
electrical-energy torque Tg may be acquired. 

[0039] That is, a motor generator 2 is generated in order to absorb an excessive engine torque, and the 
rise of an engine speed Ne is controlled. 

[0040] Based on the count time amount tl until an engine speed Ne reaches the target rotational 
frequency nickel from engine starting initiation, this generation-of-electrical-energy torque Tg searches 
the map set as a property like drawing 3 , and is searched for. Inhalation negative pressure is stabilized 
and a fixed engine torque is generated, so that engine inhalation negative pressure does not progress, but 
the part which inhales inhalation of air well, and the engine torque to generate become large relatively 
and the starting early stages of engine pass. Therefore, the generation-of-electrical-energy torque Tg is 
set as the property which decreases to a big value according to the count time amount tl becoming long, 
and is converged on it at constant value so that it may absorb a large engine torque more relatively [ the 
time when the count time amount tl is shorter ]. 

[0041] After starting a generation of electrical energy of a motor generator 2, at steps 1 1 and 12, it finds 
whether the difference of an engine speed Ne and the target rotational frequency nickel became below 
predetermined value deltanickel. 

[0042] When the difference of an engine speed Ne and the target rotational frequency nickel becomes 
below predetermined value deltanickel, it progresses to steps 13 and 14 and revolving speed control is 
performed. Based on the difference of an engine speed Ne and the target engine speed nickel, this 
performs a drive and generation of electrical energy of a motor generator 2 so that an engine speed Ne 
may turn into the target engine speed nickel. 

[0043] And if the difference of an engine speed Ne and the target engine speed nickel becomes below 
predetermined value deltanickel at steps 15-19 and the torque command value Ts of a motor generator 2 
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becomes below predetermined value deltaTs, a drive and generation-of-electrical-energy control of a 
motor generator 2 will be ended. 

[0044] Thus, since it constituted, overshoot of the engine rotation at the time of engine starting is fully 
reduced. According to this starting control device, by the starting command of an engine 1, a motor 
generator 2 drives and starting of an engine 1 is performed, but as shown in the timing chart of drawing 
4 , while an engine 1 rotates, it detonates completely by the drive of a motor generator (M/G) 2 and 
engine rotation starts to the number nickel of target rotations smoothly, engine rotation does not go up 
so much and it comes to converge on the number nickel of target rotations. 
[0045] That is, if idle-rpm nickel with which engine rotation serves as a target is reached, since the 
generation-of-electrical-energy torque Tg will be set up according to the property of the engine torque 
generated based on the time amount tl until it changes to a generation of electrical energy of a motor 
generator 2 (before generating of overshoot) and engine rotation reaches the number nickel of target 
rotations from engine starting initiation, engine rotation does not exceed idle-rpm nickel greatly, and 
overshoot of engine rotation is controlled exactly. 

[0046] Moreover, if the difference of engine rotation and idle rpm nickel becomes below predetermined 
value deltanickel after controlling overshoot, based on a difference with the revolving speed control 
based on the difference, i.e., engine rotation, and idle rpm nickel, a drive and generation of electrical 
energy of a motor generator 2 will be performed. Therefore, it converges engine rotation on idle rpm 
nickel smoothly, and a drive and generation-of-electrical-energy control of a motor generator 2 are 
ended promptly. 

[0047] Therefore, the driving force at the time of car start can be made to start smoothly so that a shock 
cannot be produced at the time of starting, and as a result, the high dependability of an engine automatic- 
stay restart system is secured. 

[0048] Drawing 5 shows the gestalt of operation of the 2nd of this invention. This is changed to a 
generation of electrical energy of a motor generator 2, when engine rotation reaches the number of 
cranking target rotations. 

[0049] As shown in drawing 5 , at steps 21 and 22, it finds whether there is any starting command of an 
engine 1. 

[0050] If there is a starting command of an engine 1, at steps 23-25, the cranking target engine speed 
NiL of an engine 1 is set up, and while driving a motor generator 2 so that it may become the cranking 
target engine speed NiL, the count of a timer will be started. This cranking target rotational frequency 
NiL will be set as 500rpm extent (high-order detonation rotational frequency) lower than this, if idle rpm 
is for example, 700rpm. 

[0051] When an engine speed Ne goes up to a predetermined engine speed, injection of a fuel is started, 
firing of the engine 1 is carried out, and the driving torque of a motor generator 2 is decreased. 
[0052] At steps 26 and 27, it finds whether the engine speed Ne reached the cranking target rotational 
frequency NiL. 

[0053] At steps 28-30, the generation-of-electrical-energy torque TgL of a motor generator 2 will be set 
up based on the count time amount t2, and if an engine speed Ne reaches the cranking target rotational 
frequency NiL, while ending the count of a timer, it will change to generation-of-electrical-energy 
control of a motor generator 2 so that the set-up generation-of-electrical-energy torque TgL may be 
acquired. 

[0054] That is, if an engine speed Ne reaches the cranking target engine speed NiL below idle rpm, a 
motor generator 2 will be generated in order to absorb an excessive engine torque. 
[0055] Based on the count time amount t2 until an engine speed Ne reaches the cranking target 
rotational frequency NiL from engine starting initiation, this generation-of-electrical-energy torque TgL 
searches the map set as the almost same property (refer to drawing 3 ) as the generation-of-electrical- 
energy torque Tg of the gestalt of said operation, and is searched for. 

[0056] If the engine 1 has detonated completely when a generation of electrical energy of a motor 
generator 2 is started, engine rotation will continue a rise and it will find whether the difference of an 
engine speed Ne and the idle target rotational frequency nickel (for example, 700rpm) came in 
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predetermined range deltanickel at steps 31 and 32. 

[0057] If the difference of an engine speed Ne and the idle target engine speed nickel comes in 
predetermined range deltanickel, it will progress to steps 33 and 34 and revolving speed control which 
performs a drive and generation of electrical energy of a motor generator 2 will be performed based on 
the difference of an engine speed Ne and the idle target engine speed nickel. 

[0058] In this case, when there is no difference of an engine speed Ne and the idle target engine speed 
nickel into predetermined range deltanickel, it finds whether the engine speed Ne fell rather than the 
engine failure judging engine speed Nie at step 40, and when it falls, it judges with the engine 1 having 
not detonated completely and the processing after step 23 is repeated again. That is, if the engine 1 has 
not detonated completely, a motor generator 2 is driven and starting is repeated. 
[0059] And if the difference of an engine speed Ne and the idle target engine speed nickel comes in 
predetermined range deltanickel at steps 35-39 and the torque command value Ts of a motor generator 2 
becomes below predetermined value deltaTs by said revolving speed control, a drive and generation-of- 
electrical-energy control of a motor generator 2 will be ended. 

[0060] Moreover, when the difference of an engine speed Ne and the idle target engine speed nickel 
separates from predetermined range deltanickel in this case, it finds whether the engine speed Ne fell 
rather than the engine failure judging engine speed Nie at step 41, and when it falls, it judges with the 
engine 1 having not detonated completely, the processing 2 after step 23, i.e., a motor generator, is 
driven again, and starting is repeated. 

[0061] If it does in this way, as shown in the timing chart of drawing 6 , overshoot of engine rotation 
will fully be prevented so that engine rotation may not exceed the number nickel of idle target rotations 
at the time of engine starting. That is, since it changes to a generation of electrical energy of a motor 
generator 2 when engine rotation reaches the number NiL of cranking target rotations, the rapid 
increment in torque by the complete explosion of an engine 1 is absorbed, and smoothly, it goes up and 
comes to be completed as the number nickel of idle target rotations by engine rotation. 
[0062] Therefore, while the shock at the time of starting is prevented certainly, the driving force at the 
time of car start can be made to start much more smoothly. 

[0063] Moreover, the engine failure by the change to generation-of-electrical-energy control of a motor 
generator 2 can be prevented at the time of poor high-order detonation. 

[0064] Drawing 7 shows the gestalt of operation of the 3rd of this invention. When engine rotation 
reaches the number of cranking target rotations, this changes the drive of a motor generator 2, and a 
generation of electrical energy, supervising engine rotation, and it is made to make it start to the number 
of idle target rotations. 

[0065] As shown in drawing 7 , at steps 51 and 52, it finds whether there is any starting command of an 
engine 1 . 

[0066] If there is a starting command of an engine 1, at steps 53 and 54, the cranking target rotational 
frequency NiL (for example, 500rpm extent) of an engine 1 will be set up, and a motor generator 2 will 
be driven so that it may become the cranking target rotational frequency NiL. 

[0067] When an engine speed Ne goes up to a predetermined engine speed, injection of a fuel is started, 
firing of the engine 1 is carried out, and the driving torque of a motor generator 2 is decreased. 
[0068] At steps 55 and 56, it finds whether the engine speed Ne reached the cranking target rotational 
frequency NiL. 

[0069] If an engine speed Ne reaches the cranking target rotational frequency NiL, it will progress to 
steps 57-62, and a gradual increase setup of the target rotational frequency Nis will be carried out, and 
based on an engine speed Ne and the target rotational frequency Nis, a generation of electrical energy of 
a motor generator 2 and a drive will be performed so that an engine speed Ne may follow the target 
rotational frequency Nis. This target rotational frequency Nis increases gradually and (addition) sets 
predetermined value deltaNis as the cranking target rotational frequency NiL for every fixed period. 
[0070] That is, when the motor generator 2 was generated, and complete explosion is not good and it 
falls rather than the number Nis of target rotations to rotational fluctuation again so that engine complete 
explosion may control the rapid increment in an engine speed Ne in the good condition, a generation of 
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electrical energy of a motor generator 2 is changed to a drive. In this case, the generation-of-electrical- 
energy torque of a motor generator 2 and driving torque are set up based on an engine speed Ne and the 
target rotational frequency Nis. 

[0071] If an engine speed Ne becomes near idle target rotational frequency nickel and a difference with 
the idle target rotational frequency nickel comes in predetermined range deltanickel, it will progress to 
steps 63 and 64 and revolving speed control which performs a drive and generation of electrical energy 
of a motor generator 2 will be performed based on the difference of an engine speed Ne and the idle 
target rotational frequency nickel 

[0072] And if the difference of an engine speed Ne and the idle target engine speed nickel comes in 
predetermined range deltanickel at steps 65-69 and the torque command value Ts of a motor generator 2 
becomes below predetermined value deltaTs, a drive and generation-of-electrical-energy control of a 
motor generator 2 will be ended. 

[0073] While engine rotation follows gradual increase of the target rotational frequency Nis at the time 
of engine starting and reaching the idle target rotational frequency nickel as shown in the timing chart of 
drawing 8 if it does in this way, overshoot of engine rotation is fully prevented so that the idle target 
rotational frequency nickel may not be exceeded. 

[0074] Therefore, while the shock at the time of starting is prevented certainly, the driving force at the 
time of car start can be made to start smoothly. Moreover, of course, the engine failure by the change to 
generation-of-electrical-energy control of a motor generator 2 can be prevented at the time of poor high- 
order detonation. 

[0075] Drawing 9 shows the gestalt of operation of the 4th of this invention. This is made to perform 
drive of a motor generator 2, generation of electrical energy, and closing according to the number of 
engine cycles. 

[0076] As shown in drawing 9 , at steps 71 and 72, it finds whether there is any starting command of an 
engine 1. 

[0077] If there is a starting command of an engine 1, at steps 73 and 74, the driving torque Tma of a 
motor generator 2 will be set up, and a motor generator 2 will be driven. Driving torque Tma is set as the 
fixed value which can be taken by engine-performance within the limits of a motor generator 2. 
Injection of a fuel is started with the drive of this motor generator 2. 

[0078] At steps 75-77, the number S of engine cycles is counted based on the input of the engine-speed 
sensor 9, and it finds whether the number-of-counts S exceeded SI predetermined cycle. The number S 
of engine cycles counts and searches for the gas column distinction signal of a crank angle. The cycle of 
each gas column will take a round mostly, for example, if SI predetermined cycle is 6-cylinder, it will 
be set as 6 and 7 cycle. 

[0079] several engine cycles - S - several cycles - if SI is exceeded, at steps 78-80, the crank location 
theta will be read and it will find whether it came to the location by the side of thetas tooth lead angle 
whenever [ predetermined crank angle ] to the ignition timing ADVs of a gas column whose crank 
location theta is the following cycle. Under the present circumstances, ignition is started from the gas 
column after thetas whenever [ that predetermined crank angle ]. 

[0080] If the crank location theta comes to an applicable location, at steps 81 and 82, the generation-of- 
electrical-energy torque Tga of a motor generator 2 will be set up, and it will change to generation-of- 
electrical-energy control of a motor generator 2. 

[0081] That is, a motor generator 2 is mostly changed from injection of a fuel to a generation of 
electrical energy after a round just before ignition in the gas column which performs firing to the 
beginning. Whenever [ said crank angle ], thetas is equivalent to the change to generation-of-electrical- 
energy control of a motor generator 2, and the delay of a generation of electrical energy, and is set up 
beforehand. The generation-of-electrical-energy torque Tga searches and asks for the map set as the 
almost same property (R> drawing 3 3 reference) as the generation-of-electrical-energy torque TgL of 
the gestalt of said operation based on the time amount from engine starting initiation. In addition, the 
generation-of-electrical-energy torque Tga may be beforehand set as a fixed value. 
[0082] And if the number S of engine cycles exceeds S2 predetermined cycles at steps 83-86, a 
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generation of electrical energy of a motor generator 2 will be ended. 

[0083] If S2 predetermined cycles are cycles until it starts near the idle rpm which each gas column 
detonates completely and serves as a target, for example, it is 6-cylinder, it will be set as 15 and 16 
cycle. 

[0084] In addition, when an engine speed is compared with an engine failure judging engine speed and 
an engine speed falls rather than an engine failure judging engine speed like the gestalt of said 2nd 
operation during engine starting, you may make it repeat the processing after step 63. 
[0085] Thus, if drive of a motor generator 2, generation of electrical energy, and closing are performed 
according to the number of engine cycles, as shown in the timing chart of drawing 10 , overshoot of 
engine rotation will fully be prevented. 

[0086] namely, since a motor generator 2 is changed to a generation of electrical energy according to 
ignition in the gas column which counts the number of engine cycles and performs firing first - the 
complete explosion of an engine 1 — simultaneously, torque absorbs exactly — having — coming — 
moreover — therefore, engine rotation goes up to idle rpm nickel promptly in a short generation-of- 
electrical-energy period. Therefore, while the shock at the time of starting is prevented certainly, the 
driving force at the time of car start can be made to start promptly much more smoothly, and control also 
becomes easy. 

[0087] In this case, although he is trying to change to a generation of electrical energy of a motor 
generator 2 just before the ignition timing ADVs of the gas column which performs firing first 
(whenever [ predetermined crank angle ] thetas tooth-lead-angle side), you may make it change to 
ignition timing ADVs mostly at coincidence. 

[0088] Moreover, the time amount progress from engine starting initiation is counted, and it may be 
made to perform drive of a motor generator 2, generation of electrical energy, and closing instead of 
counting the number of engine cycles according to time amount progress. Control will become easier if 
it does in this way. 

[0089] in addition, with the gestalt of each operation, OFF of the brake sensor 1 1 is considered as an 
engine starting command --**** (when it applies to the engine automatic-stay restart system at the time 
of a car halt) - natural, when applying to the usual starting — it is good considering actuation of an 
ignition switch as a starting command. 



[Translation done.] 
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